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however, 2D fingerprints tend to lose information about the connectivity of atoms. This means that although a database compound may contain all of the fragments present in the reference structure, the fragments are not necessarily connected in the 'correct' way. Therefore, prior to the 2D fingerprint similarity searching, we subjected the database to a substructure search using 2-chloro-N-(2-methoxyethyl)benzamide as reference fragment. The latter seems a privileged substructure according to our previous findings. [9] With this more focused library of 2564 molecules, we started the 2D fingerprint based similarity search using lead compound 2 as a probe. MACCS fingerprints were generated and for each fingerprint a Tanimoto coefficient (T C ) was determined. A score of 1 means identity, 0 means no similarity at all. The obtained hit list from this combined procedure was screened manually: the most appealing structures and ideas extracted from this virtual screening approach were used to guide us in the design of novel HAM analogues with alternative core structure. Thus, in the present study, we were not interested in the library compounds as such; we wanted to use the hit list merely as a means and as a source of inspiration for the design of HAM analogues in order to get insight into the requirements for optimal potentiating activity. An important factor that was taken into account was the synthetic feasibility of the scaffold (and ultimately the final compound). An overview of the selected scaffolds, together with a selection of database compounds that inspired us, is given in Figure 2 . Inspired by compounds a and b (Figure 2 ), a first scaffold was obtained by transposing the 2-benzamidomethyl moiety to position 1 of the tetrahydrofuran core (I). A second central scaffold was achieved by deleting the 3-hydroxyl group of 2 (II). Based on compounds c and d, a 2,5-substituted 1,4-dioxane core (III) was put forward as possible bio-isostere of the tetrahydrofuran ring present in 2. Also 1,3-substituted morpholine (IV) and 2,4-substituted pyrrolidine (V) emerged as alternative scaffolds. 
Chemistry
Antimicrobial potentiator 2 consists of a 5-ortho-chlorobenzamidomethyl and a 2'-benzamidomethyl moiety, linked to a central (3S,4R)-tetrahydrofuran-3,4-diol scaffold ( Figure 1 ). While maintaining both aromatic moieties intact, we first investigated the impact of transposing the 2-benzamidomethyl fragment to position 1. The synthesis of 9, a rather conservative scaffold hop (reflected in a T c of 0.909), starts from the known azidolactole 3 [16] (Scheme 1). Horner-Wadsworth-Emmons olefination of 3 with methyl (triphenylphosphoranylidene)acetate and treatment of the resulting α,β-unsaturated carbonyl intermediate with a methanolic sodium methoxide solution afforded methyl ester 4 as an inseparable mixture of cis and trans epimers. [17] Saponification yielded a mixture of epimeric carboxylic acids 5, which were converted into the separable Boc-protected amines by Curtius rearrangement. TFA-mediated Boc-deprotection of 6 and subsequent EDC-mediated acylation with benzoic acid gave benzamide 8. The structure and stereochemistry of the latter was confirmed by a 2D 1 H-1 H NOESY experiment (Supporting information). The benzamide was subjected to Staudinger reduction and the resulting amine was converted into an ortho-chlorobenzamide. Acidic hydrolysis of the acetonide gave 9, a regioisomer of 2 (Scheme 1). . Selective acetylation of the secondary hydroxyl group of 13 gave acetate 14. To circumvent the use of toxic MOM-Cl, methoxymethylation of the tertiary alcohol group was performed by treatment of 14 with dimethoxymethane and phosphorus pentoxide. [18] Interestingly, this reaction also yielded a heterocyclic spiro compound (16) in which the Boc-protected amine and the tertiary alcohol are connected via a methylene group to form an oxazolidine ring. Although 1 H NMR and HRMS confirmed the structure of 16, further structural proof was given by 13 C NMR and a 2D Next, we also synthesized two analogues with a morpholine scaffold (Scheme 4). (R)-benzylglycidyl ether was treated with 2-aminoethylsulfate in the presence of aqueous NaOH. Intramolecular ring closure via a 6-exo-tet process gave an intermediate morpholine, the amino function of which was subsequently Boc-protected to give 30. Hydrogenolysis of the benzyl protecting group and conversion of the resulting primary alcohol into the corresponding azide gave intermediate 31 with two orthogonally protected amino groups. Installation of an ortho-chlorobenzamide and a benzamide on either side of the molecule gave final compounds 34 and 35 (Scheme 4), both with a T c of 0.597. Nitrile 39 was a key intermediate in the synthesis of the pyrrolidine-containing derivatives (Scheme 5). It was synthesized according to the method described by Zlatopolskiy et al. [19] Borane-mediated reduction of the carboxylic acid in Boc-protected hydroxyproline 36 yielded the corresponding primary alcohol 37. Selective protection of the latter as a silyl ether gave 38. The secondary hydroxyl group was mesylated and subsequent displacement by cyanide anion provided nitrile 39. Reduction of this nitrile with NaBH 4 / CoCl 2 gave the corresponding primary amine, which was converted into a benzamide via EDC-mediated acylation with the appropriate benzoic acid (40 and 41). TBAF-mediated liberation of the primary alcohol and transformation of the latter into the corresponding azide gave 42 and 43. Reduction of this azide functionality with trimethylphosphine and carbodiimide-mediated acylation of the resulting amine with the appropriate benzoic acid, furnished derivatives 46 and 47 after final deprotection (T c = 0.661). 
Results and discussion
For all final compounds, minimum inhibitory concentrations (MIC) against S. aureus Mu50 were determined to rule out a direct effect on growth. In all cases, MIC values were higher than 500 µM, being the highest concentration tested (data not shown). Subsequently, the HAM derivatives were tested for their in vitro effect on S. aureus biofilm susceptibility to VAN, both under pretreatment and combination treatment regimens. To evaluate the effect of pretreatment, S. aureus Mu50 was allowed to form a biofilm in the presence of the HAM analogues, after which the biofilm was treated with VAN (20 µg/ml). In the combination treatment setup, the bacteria were allowed to form a mature biofilm after which a HAM analogue and VAN were administered simultaneously. When used alone, VAN resulted only in a minor reduction of the number of S. aureus sessile cells (30 ± 14% compared to an untreated control, Table 1 ). In contrast, combined treatment of VAN with 2 resulted in significantly more killing of bacterial biofilm cells, both under pretreatment and under combined treatment regimens (Table 1) . Initially, all of the compounds with alternative scaffolds were tested in a concentration of 100 µM. For the most active derivatives, the effect on biofilm susceptibility towards VAN was tested in lower concentrations, which allowed us to determine an EC 50 value. The latter is defined as the concentration of the analogue needed to double the activity of VAN, as measured by the number of surviving cells. When comparing the potentiating activity of lead compound 2 with its isomer 9, it can be concluded that this scaffold rearrangement is well-tolerated (Table 1 ). Bisbenzamide 9 shows very good potentiating activity in the combination treatment setup (EC 50 = 3.708 µM, compared to 7.976 µM for 2). This is encouraging, as clinicians in daily practice are often confronted with already infected and biofilm-related wound infections. Moreover, the improved synthetic accessibility (compared to a longer route towards 2) makes compound 9 even more interesting. Deletion of the 3-hydroxyl function in 2 completely abolishes activity, which suggests that the 3-OH group exhibits signature interactions with the target. In the combination treatment regimen, dioxane derivative connectivity of atoms relative to 2 and 9. 
Conclusion
Several practical pathways towards the synthesis of novel HAM analogues with an alternative central scaffold were successfully pioneered. The resulting compounds were tested for their ability to potentiate the activity of VAN in S. aureus biofilms in vitro. The readily accessible 2,5-anhydro-D-allitol derivative 9 and dioxane derivative 29 showed comparable activity to that of lead compound 2 in the combination treatment setup. These findings imply that there is room for structural improvement in the central part of the molecule and several analogues represent attractive starting points for further lead optimization of the potentiating activity.
Experimental

Chemistry
All reactions described were performed under an argon atmosphere and at ambient temperature unless stated otherwise. All reagents and solvents were purchased from Sigma-Aldrich (Diegem, Belgium), Acros Organics (Geel Belgium), TCI Europe (Zwijndrecht, Belgium) or Carbosynth Ltd (Compton Berkshire, United Kingdom) and used as received. NMR solvents were purchased from Eurisotop (Saint-Aubin, France). Reactions were monitored by TLC analysis using TLC aluminium sheets (Macherey-Nagel, Alugram Sil G/UV 254 ) with detection by UV or by spraying with a solution of (NH 4 ) 6 and acetic acid (1% v/v) followed by charring. Silica gel column chromatography was performed manually using Grace Davisil 60Å silica gel (40-63 μm) or automated using a Grace Reveleris X2 system and the corresponding flash cartridges. High resolution spectra were recorded with a Waters LCT Premier XE Mass spectrometer. F NMR, signals have been referred to CDCl 3 or DMSO-d 6 lock resonance frequency according to IUPAC referencing with CFCl 3 set to 0 ppm. Coupling constants are given in Hz. Preparative HPLC purifications were carried out using a Laprep preparative HPLC system equipped with a Xbridge Prep C18 column (19×250 mm, 5 micron) using a water/acetonitrile/formic acid gradient system.
General procedure 1: EDC-mediated amide formation.
To a solution of compound 19 or the crude amine obtained from 6 or 39, in DMF (25 mL/mmol) were added the appropriate organic acid (1.5 equiv per amine), EDC.HCl (2 equiv per amine), diisopropylethylamine (4 equiv per amine) and a catalytic amount of 1-hydroxybenzotriazole. The reaction mixture was stirred overnight at rt. The mixture was concentrated and partioned between water and EtOAc. The organic layer was dried over sodium sulphate, filtered and concentrated in vacuo. The products were purified by column chromatography with appropriate eluents.
General procedure 2: Staudinger reduction and subsequent EDC-mediated acylation of the resulting amine with the appropriate benzoic acid.
A solution of compound 8, 25, 28, 32, 33, 42 or 43 (0.4 to 1.4 mmol) in THF (10 mL/mmol) was treated with Me 3 P (1 M solution, 5 equiv) and the reaction mixture was stirred for 3h. Water (13 equiv) was added and the solution was stirred for another hour, after which it was concentrated. The residue was co-evaporated with toluene. The obtained crude amine was used without further purification. To a solution of this crude amine in DMF (25 mL/mmol) were added the appropriate organic acid (1.5 equiv), EDC.HCl (2 equiv), diisopropylethylamine (4 equiv) and a catalytic amount of 1-hydroxybenzotriazole and the reaction mixture was stirred overnight at rt. The reaction mixture was concentrated and partioned between water and EtOAc. The organic layer was dried over sodium sulphate, filtered and evaporated. The products were then purified by column chromatography with appropriate eluents.
General procedure 3: TFA in water -mediated deprotection.
A known amount of the isopropylidene protected compound 20 or the crude obtained from 8 was treated with a 35% aq. CF 3 COOH solution (30 mL/mmol) overnight at room temperature. When TLC indicated that the deprotection was complete, the reaction mixture was concentrated and, if required, purified by column chromatography.
General procedure 4: Boc deprotection and subsequent EDC-mediated acylation of the resulting amine with the appropriate benzoic acid.
A solution of compound 31 (248 mg, 1.02 mmol) in 20% trifluoroacetic acid in CH 2 Cl 2 (10 mL/mmol) was stirred for 3 hours. When finished, volatile organics were evaporated under reduced pressure and the resulting crude amine was taken up in DMF (25 mL/mmol). The appropriate organic acid (1.5 equiv per amine), EDC.HCl (2 equiv per amine), diisopropylethylamine (4 equiv per amine) and a catalytic amount of 1-hydroxybenzotriazole were added. The reaction mixture was stirred overnight at rt. The mixture was concentrated and partioned between water and EtOAc. The organic layer was dried over sodium sulphate, filtered and concentrated in vacuo. The products were purified by column chromatography with appropriate eluents.
(3aR,6R,6aR)-6-(azidomethyl)-2,2-dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-ol (3)
See reference 8 and 15. Spectroscopy data for 3 are consistent with those published previously. [8, 16] 
methyl 2-((3aS,6R,6aR)-6-(azidomethyl)-2,2-dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)acetate
(4) A solution of lactol 3 (4.00 g, 18.6 mmol) in acetonitrile (60 mL) was flushed with N 2 gas. Methyl (triphenylphosphoranylidene)acetate (6.84 g, 20.5 mmol) was added and the reaction mixture was heated to reflux for 90 minutes. Then, the mixture was concentrated in vacuo and the residue was taken up in MeOH (40 mL), after which a methanolic sodium methoxide solution (5.4 M, 370 µL) was added. This mixture was stirred for another 90 minutes and then neutralized with Amberlite (IR 120 H-form). The suspension was filtered and the filtrate was concentrated. FCC of the residue (toluene/EtOAc 1:1) gave methyl esters 4 as a pale oil in 46% yield. Epimeric ratio = 94:6. Major epimer: 
2-((3aS,6R,6aR)-6-(azidomethyl)-2,2-dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)acetic acid (5)
To a solution of methyl esters 4 (0.950 g, 3.50 mmol) in dioxane (10 mL), was added a 1 M NaOH solution (4.20 mL). After 150 minutes of stirring, TLC analysis (toluene/EtOAc 4:1) showed complete consumption of starting material and presence of a lower-running spot. The pH of the reaction mixture was adjusted to approximately 2 by addition of HCl (1 M solution). The reaction mixture was extracted with EtOAc. The organic layers were pooled, dried over Na 2 SO 4 , filtered and concentrated in vacuo. The product was obtained as a transparent oil without further purification (q.). Epimeric ratio = 76:24. [3,4-d] [1, 3] dioxol-4-yl)methyl)carbamate (6) A flask containing carboxylic acids 5 (1.20 g, 4.66 mmol) and molecular sieves in tert-butanol (90 mL) was purged with N 2 gas. Tiethylamine (0.715 mL, 5.13 mmol) and diphenylphosphoryl azide (1.10 mL, 5.13 mmol) were added and the reaction mixture was heated to reflux for 20 hours. TLC analysis (hexane/EtOAc 85:15) showed complete consumption of starting material. The reaction mixture was filtered and the filtrate was concentrated in vacuo. The residue was taken up in EtOAc and washed with brine. The organic layer was dried over Na 2 SO 4 , filtered and concentrated in vacuo. This residue was adsorbed onto celite and purified via FCC (hexane/EtOAc 10:0 → 8:2). Both compound 6 (46% yield) and its trans epimer 7 (13% yield) were obtained as transparent oils. 
tert-butyl (((3aS,4S,6R,6aR)-6-(azidomethyl)-2,2-dimethyltetrahydrofuro
tert-butyl (((3aS,4R,6R,6aR)-6-(azidomethyl)-2,2-dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-yl)methyl)carbamate (7)
Compound 7 was obtained according to the procedure described for compound 6. [3,4-d] [1, 3] dioxol-4-yl)methyl)benzamide (8) Boc-protected amine 6 (100 mg, 0.305 mmol) was taken up in dry 1,2-dichloroethane (2 mL) and molecular sieves (3 Å rods) were added. The flask was purged with N 2 gas and cooled on ice to 0 °C. Trifluoroacetic acid (0.179 mL, 2.34 mmol) was added and the reaction mixture was stirred for 3 hours. After filtration, the filtrate was taken to dryness and the residue was adsorbed onto celite. FCC (CH 2 Cl 2 /MeOH/NH 4 OH 100:0:0.1 → 90:10:0.1) gave the corresponding primary amine, which was subjected to general procedure 1. Transparent oil, 80%. 2-(((3S,4R,5R)-5-(azidomethyl)-3,4-dihydroxytetrahydrofuran-3-yl) 
N-(((3aS,4S,6R,6aR)-6-(azidomethyl)-2,2-dimethyltetrahydrofuro
N-(((2R,3S,4R,5S)-5-(benzamidomethyl)-3,4-dihydroxytetrahydrofuran-2-yl)methyl)-2-chlorobenzamide (9)
Compound 8 was
(2R,3R,4S)-4-(aminomethyl)-2-(azidomethyl)tetrahydrofuran-3,4-diol (12)
To a solution of compound 11 (obtained in the previous step) in toluene/MeOH 1:1 (26 mL) was added hydrazine monohydrate (0.312 mL, 6.43 mmol). The reaction mixture was heated to 60 °C for 4h. Floculation was seen and when the reaction was complete, the suspension was filtered and the filtrate concentrated in vacuo. 
tert-butyl (((3S,4R,5R)-5-(azidomethyl)-3,4-dihydroxytetrahydrofuran-3-yl)methyl)carbamate (13)
Diol-amine 12 (obtained in the previous step) was dissolved in a dioxane/water 3:1 mixture (28 mL in total). K 2 CO 3 (1.07 g) was added, followed by di-tert-butyl dicarbonate (0.589 g) and the reaction mixture was stirred vigorously for 4h. The dioxane was evaporated and the remaining water layer was extracted with CH 2 Cl 2 (4 x 40 mL). The organic layers were pooled, dried over Na 2 SO 4 , filtered and concentrated in vacuo. FCC afforded title compound 13 as a pale yellow oil (85% over 3 steps from 10). 
(2R,3R,4S)-2-(azidomethyl)-4-(((tert-butoxycarbonyl)amino)methyl)-4-hydroxytetrahydrofuran-3-yl acetate (14)
To an ice-cold solution of diol 13 (340 mg, 1.18 mmol) in pyridine (12 mL) was added acetic anhydride. The reaction mixture was stirred for 16h. Volatile organics were removed under reduced pressure and the residue was taken up in EtOAc and washed with HCl (0.1 N solution), NaHCO 3 (sat. aq. soln.) and brine. The organic layer was dried over Na 2 SO 4 , filtered and concentrated in vacuo. FCC (hexane/EtOAc 10:0 → 4:6) afforded pure acetate 14 as a colorless oil in 78% yield. 
(2R,3R,4S)-2-(azidomethyl)-4-(((tert-butoxycarbonyl)amino)methyl)-4-(methoxymethoxy)tetrahydrofuran-3-yl acetate (15)
A solution of compound 14 (0.280 mg, 0.848 mmol) and molecular sieves in CHCl 3 (8.5 mL) was purged with N 2 gas. P 2 O 5 (1.55 g; 10.9 mmol) was added as well as dimethoxymethane (3.86 mL, 43.6 mmol) and the reaction mixture was flushed again. After 24 hours of stirring, the suspension was filtered with CHCl 3 and the filtrate was washed with Na 2 CO 3 (sat. aq. soln.). The organic layer was dried over Na 2 SO 4 
tert-butyl (5S,8R,9R)-9-acetoxy-8-(azidomethyl)-1,7-dioxa-3-azaspiro[4.4]nonane-3-carboxylate (16)
Compound
tert-butyl (((3S,4R,5R)-5-(azidomethyl)-4-hydroxy-3-(methoxymethoxy)tetrahydrofuran-3-yl)methyl)carbamate (17)
By addition of a methanolic solution of NaOMe (30% wt), the pH of a solution of compound 16 (86.0 mg, 0.230 mmol) in MeOH (5 mL) was adjusted to 9 -10. The reaction mixture was stirred overnight. TLC analysis (toluene/EtOAc 6:4) showed presence of 1 lower-running spot. Amberlite (IR 120 H-form) was added until pH was neutral. The suspension was filtered and the filtrate concentrated in vacuo. The pure title compound was obtained as a colorless oil in quantitative yield. 
O-((2R,3R,4S)-2-(azidomethyl)-4-(((tert-butoxycarbonyl)amino)methyl)-4-(methoxymethoxy)tetrahydrofuran-3-yl) 1H-imidazole-1-carbothioate (18)
To
tert-butyl (((3S,5S)-5-(aminomethyl)-3-(methoxymethoxy)tetrahydrofuran-3-yl)methyl)carbamate (19)
Thiocarbamate 18 (66.0 mg, 0.149 mmol) was dissolved in toluene (5 mL) and purged with N 2 gas. Azoisobutyronitrile (catalytic quantity, ± 5 mg) was added and the solution was heated to 85 °C. Tributyltinhydride (0.201 mL, 0.745 mmol) was added and the reaction mixture was stirred for 3h at 85 °C, after which volatile organics were removed under reduced pressure. FCC afforded 19 as a colorless oil in 69% yield. 
tert-butyl (((3S,5S)-5-((2-chlorobenzamido)methyl)-3-(methoxymethoxy)tetrahydrofuran-3-yl)methyl)carbamate (20)
Compound 19 was subjected to general procedure 1. Colorless oil, 54%. 
N-(((2S,4S)-4-(benzamidomethyl)-4-hydroxytetrahydrofuran-2-yl)methyl)-2-chlorobenzamide (21)
Compound 20 (23.0 mg, 0.054 mmol) was subjected to general procedure 3, after which the crude aminoalcohol obtained was taken up in DCM (1 mL). Triethylamine (22.6 µL, 0.162 mmol) and benzoyl chloride (6.62 µL, 0.057 mmol) were added and the reaction mixture was stirred overnight at room temperature. Then, the mixture was washed with HCl (0.1 N solution), NaHCO 3 (sat. aq. soln.) and brine. The organic layer was dried over Na 2 SO 4 , filtered and concentrated in vacuo. FCC (CH 2 Cl 2 /MeOH 10:0 → 9:1) afforded 21 as a white foam in 71% yield. 
(R)-1-(benzyloxy)-3-chloropropan-2-ol (22)
To a flame-dried, three neck round bottomed flask was added dry 1,2-dichloroethane (45 mL). R-(-)-epichlorohydrin (3.92 mL, 50.0 mmol) and benzyl alcohol (10.4 mL, 100 mmol) were added and the flask was purged with N 2 gas. The solution was cooled on ice to 0 °C under N 2 . The stirring solution was then treated with boron trifluoro etherate (0.272 mL, 2.20 mmol) and again purged with N 2 . The reaction mixture was allowed to attain room temperature overnight (16h). Subsequently, the mixture was heated to reflux for 2h and then allowed to cool and washed with NaHCO 3 (sat. aq. soln.). The organic layer was dried over Na 2 SO 4 , filtered and concentrated in vacuo. Excess benzyl alcohol was removed under reduced pressure overnight in an oil bath at 50 °C. FCC (hexane/EtOAc 10:0 → 7:3) of the residue afforded the title compound as a colorless liquid in 48% yield. 
(S)-3-(((R)-1-(benzyloxy)-3-chloropropan-2-yl)oxy)-2-hydroxypropyl 4-methylbenzenesulfonate
(23) A solution of compound 22 (1.87 g, 9.32 mmol) in dry 1,2-dichloroethane (40 mL) was purged with N 2 . Sglycidyl tosylate (0.710 g, 3.11 mmol) was added and the resulting solution was back-flushed and cooled on ice to 0 °C. Boron trifluoro etherate (catalytic quantity, 100 µL) was added and the reaction mixture was allowed to attain room temperature overnight. The mixture was washed with NaHCO 3 (sat. aq. soln.) and brine. The organic layer was dried over Na 2 SO 4 , filtered and concentrated under reduced pressure. FCC (hexane/EtOAc 10:0 → 4:6) afforded compound 23 as a colorless liquid in 50% yield. 
((2R,5R)-5-((benzyloxy)methyl)-1,4-dioxan-2-yl)methanol (24)
To a flask containing compound 23 (0.740 g, 1.73 mmol) was added an aqueous NaOH solution (1 M, 6 mL, 6 mmol) and the resulting biphasic mixture was stirred vigorously at room temperature. After 150 minutes, the reaction mixture was heated to 90 °C for 4h and then cooled to room temperature again for reaction overnight (16h). Then, the mixture was heated to 90 °C and stirred for 2h. After that, the mixture was neutralized with HCl (1 M) and extracted with CH 2 Cl 2 (3 x 15 mL). The combined organic layers were rewashed with a saturated aqueous solution of NaHCO 3 and brine, then dried over Na 2 SO 4 , filtered and concentrated in vacuo. Silica-gel chromatography (CH 2 Cl 2 /MeOH 100:0 → 96:4) afforded the title compound as a colorless oil in 66% yield. 
(2R,5R)-2-(azidomethyl)-5-((benzyloxy)methyl)-1,4-dioxane (25)
To a solution of compound 24 (530 mg, 2.22 mmol) and triethylamine (0.618 mL, 4.44 mmol) in CH 2 Cl 2 (12 mL) stirred at 0 °C, methanesulfonyl chloride (0.205 mL, 2.66 mmol) was added dropwise. The reaction mixture was allowed to attain ambient temperature. After 3 hours, TLC analysis (hexane/EtOAc 1:1) showed complete consumption of the starting material. The reaction mixture was washed with saturated sodium bicarbonate solution and water. The organic layer was dried over Na 2 SO 4 , filtered and concentrated in vacuo to afford the mesylate as a yellow to orange colored oil. To this crude mesylate, dissolved in DMF (12 mL), was added sodium azide (0.722 g, 11.1 mmol). After overnight reaction at 60 °C, TLC analysis (hexane/EtOAc 1:1) showed the presence of one major product. The solvent was evaporated and the residue was taken up in EtOAc. The resulting solution was washed with saturated NaHCO 3 solution and water. The organic layer was dried over Na 2 SO 4 , filtered and concentrated in vacuo. This crude material was purified by flash column chromatography (hexane/EtOAc 10:0 → 5:5) to afford azide 25 as a colorless liquid (91% over two steps). 
N-(((2R,5R)-5-((benzyloxy)methyl)-1,4-dioxan-2-yl)methyl)benzamide (26)
Compound 25 was subjected to general procedure 2. Colorless liquid, 90%. 
N-(((2R,5R)-5-(hydroxymethyl)-1,4-dioxan-2-yl)methyl)benzamide (27)
A solution of benzamide 26 (440 mg, 1.29 mmol) in MeOH (50 mL) was placed under an N 2 atmosphere. Palladium black (catalytic amount) was added and the reaction vessel was purged again with N 2 . Hydrogen gas was bubbled through the solution for 3h (MS analysis for conversion). The vessel was purged with nitrogen gas and the reaction mixture was filtered over a Whatman fiberglass filter. The filtrate was concentrated in vacuo and the residue (i.e. the product) was obtained as a colorless oil, quantitatively. 
N-(((2R,5R)-5-(azidomethyl)-1,4-dioxan-2-yl)methyl)benzamide (28)
Following a similar procedure described for compound 25, compound 27 (325 mg, 1.29 mmol) gave azide 28 as a pale oil in 69% yield. 
N-(((2R,5R)-5-(benzamidomethyl)-1,4-dioxan-2-yl)methyl)-2-chlorobenzamide (29)
Compound 28 was subjected to general procedure 2. White foam, 74%. 
tert-butyl (R)-2-((benzyloxy)methyl)morpholine-4-carboxylate (30)
Benzyl-(R)-glycidyl ether (2.00 g, 12.2 mmol) and NaOH (4.00 g, 100 mmol) in H 2 O (9.2 mL) and MeOH (3.6 mL) were treated with 2-aminoethyl hydrogen sulfate (7.00 g, 49.59 mmol). The reaction mixture was stirred for 90 minutes at 40 °C. The mixture was allowed to cool to room temperature, toluene (14 mL) and NaOH (2.00 g, 50.0 mmol) were added and then it was stirred overnight at 65 °C. Toluene (5 mL) and H 2 O (20 mL) were added and the organic layer was separated. The water layer was extracted with CH 2 Cl 2 (2 x 10 mL). The combined organic layers were dried over Na 2 SO 4 , filtered and concentrated in vacuo to give crude amine which was taken up in acetone (20 mL) and H 2 O (6 mL) at 0 °C. Di-tert-butyl dicarbonate (2.60 g, 11.9 mmol) was added and the resulting mixture was stirred vigorously for 2h. The acetone was removed under reduced pressure and the aqueous solution was extracted with CH 2 Cl 2 . The organic layer was washed with brine, dried over Na 2 SO 4 , filtered and concentrated in vacuo. FCC (hexane/EtOAc 10:0 → 7:3) afforded the title compound as a colorless oil in 43% (over 2 steps). 
tert-butyl (R)-2-(azidomethyl)morpholine-4-carboxylate (31)
A solution of compound 30 (1.56 g, 5.07 mmol) in MeOH (50 mL) was placed under an N 2 atmosphere. Palladium black (catalytic amount) was added and the reaction vessel was purged again with N 2 . Hydrogen gas was bubbled through the solution for 3h. The vessel was purged with nitrogen gas and the reaction mixture was filtered over a Whatman fiberglass filter. The filtrate was concentrated in vacuo and the residue was subjected to a procedure that is similar to the one described for 25 and 28. Colorless oil, 81% from 30. 
(R)-(2-(azidomethyl)morpholino)(phenyl)methanone (32)
(S)-N-((4-benzoylmorpholin-2-yl)methyl)-2-chlorobenzamide (34)
Compound 32 was subjected to general procedure 2. White foam, 62%. 
(S)-N-((4-(2-chlorobenzoyl)morpholin-2-yl)methyl)benzamide (35)
Compound 33 was subjected to general procedure 2. White foam, 91%. 
tert-butyl (2S,4R)-4-hydroxy-2-(hydroxymethyl)pyrrolidine-1-carboxylate (37)
4-hydroxyproline 36 (5.00 g, 21.6 mmol) was purged with N 2 and cooled on ice to 0°C. BH 3 ·THF (1 M solution, 64.9 mL, 64.9 mmol) was added dropwise and the solution was stirred for 1h at 0 °C. When complete, the excess BH 3 ·THF was quenched by careful addition of water (60 mL). The mixture was extracted with brine and EtOAc (3 x 100 mL), the combined organic layers were dried over Na 2 SO 4 
tert-butyl (2S,4R)-2-(((tert-butyldiphenylsilyl)oxy)methyl)-4-hydroxypyrrolidine-1-carboxylate (38)
A solution of hydroxyprolinol 37 (3.00 g, 13.8 mmol) in DMF (40 mL) was cooled on ice to 0 °C and purged with N 2 . Imidazole (1.88 g, 27.6 mmol) and tert-butyl(chloro)diphenyl silane (3.95 mL, 15.2 mmol) were added and the resulting solution was flushed again. After 16 hours, volatile organics were removed under reduced pressure, the residue was taken up in EtOAc and washed with water and brine. The organic phase was dried over Na 2 SO 4 , filtered and concentrated in vacuo. FCC (toluene/EtOAc 1:0 → 0:1) yielded the title product as a colorless oil in 63% yield. 
tert-butyl (2S,4S)-2-(((tert-butyldiphenylsilyl)oxy)methyl)-4-cyanopyrrolidine-1-carboxylate (39)
To an ice-cold solution of alcohol 38 (0.630 g, 1.38 mmol) in CH 2 Cl 2 (14 mL) was added triethylamine (0.385 mL, 2.76 mmol) and mesyl chloride (0.128 mL, 1.66 mmol). The reaction mixture was allowed to attain room temperature overnight and when finished, it was washed with a saturated solution of NaHCO 3 . The organic phase was dried over Na 2 SO 4 , filtered and concentrated in vacuo. The obtained crude mesylate was taken up in acetonitrile (14 mL) and tetrabultylammonium cyanide (1.85 g, 6.90 mmol) was added carefully. The reaction mixture was heated to 65 °C overnight and then poured into a separating funnel that contained an EtOAc/hexane 1:4 mixture. This organic phase was washed with a saturated aquatic solution of NaHCO 3 and brine, then dried over Na 2 SO 4 , filtered and concentrated in vacuo. FCC of the residue (hexane/EtOAc 1:0 → 1:1) gave nitrile 39 as a pale yellow oil in 26% yield. 
tert-butyl (2S,4R)-4-(benzamidomethyl)-2-(((tert-butyldiphenylsilyl)oxy)methyl)pyrrolidine-1-carboxylate (40)
To a cooled (0 °C) solution of nitrile 39 (280 mg, 0.603 mmol) in MeOH (6 mL) was added cobalt(II) chloride (78.0 mg, 0.603 mmol) and the resulting pink solution was stirred for 10 minutes. To this mixture was added NaBH 4 (57.0 mg, 1.51 mmol) in portions as to maintain a black precipitate that appeared following each addition. After overnight reaction, a saturated solution of NH 4 Cl (3.5 mL) was added to quench the reaction and this mixture was stirred for another hour. The mixture was made alkaline by the addition of NaHCO 3 (sat. aq. soln.), after which the black precipitate was filtered off. A clear pink solution was obtained, which was extracted with CH 2 Cl 2 . The combined organic layers were dried over Na 2 SO 4 , filtered and concentrated in vacuo. The crude amine was subjected to general procedure 1. Colorless oil, 68%. 
tert-butyl (2S,4R)-2-(((tert-butyldiphenylsilyl)oxy)methyl)-4-((2-chlorobenzamido)methyl)pyrrolidine-1-carboxylate (41)
